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[571 ABSTRACT 
Optimum strengthening of a superplastically formed 
aluminum-lithium alloy structure is achieved via a ther- 
mal processing technique which eliminates the conven- 
tional step of solution hat-treating immediately follow- 
ing the step of superplastic forming of the structure. 
The thermal processing technique involves quenching 
of the superplastically formed structure using static air, 
forced air or water quenching. 
8 Claims, 3 Drawing Sheets 
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1 2 
achieve peak strength in the material, it would be neces- 
sary to conduct prestraining on the net-shaped part, a 
step which is nearly impossible. Thus the inventor has 
approached solving the problem of strengthening the 
OPTIMUM STRENGTHENING 5 SPF-processed aluminum lithium alloy sheet metal 
parts by using novel and unobvious non-standard ther- 
The invention described herein was made in the per- mal treatment. 
formance of work under NASA Contract No. 18590 In the past, efforts have been made to establish ther- 
and is subject to the provisions of Section 305 of the mal treatments for SPF-processed 8091 A.Li materials 
National Aeronautics and Space Act of 1958 (42 U.S.C. 10 in order to achieve the maximum allowable strength 
2457). and ductility after superplastic forming. These treat- 
ments utilized solution treatment (followed by quench- 
ing) and artificial aging after the forming process had 
been completed (see FIG. 1 and the description thereof 
-ing treatment for the alloy that accepted the l a t a -  
ties. 
METHOD OF THERMALLY PROCESSING 
SUPERPLASTICALLY FORMED 
ALUMINUM-LITHIUM ALLOYS TO OBTAIN 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to techniques for 15 below). This study gmerated a standard thermal pro- 
tions of configuration tolerances and strength proper- 
achieving optimum strengthening of aluminum-lithium 
hardening heat treatments for aluminum lithium alloys 
which have been superplastically formed. 
forming* and more Particularly to age 
In this earlier work, solution treatment and aging 
2o treatment parameters were established which were con- 2. Background of the Invention In the aerospace industry, it has been generally recog- 
nized that One Of the most effective ways to reduce the sidered suitable for the of structures for aerospace app]ications. While the strength levels pro- weight of a craft is to reduce the density of the materials 
used in its construction. 
to 20%, lithium additions have been made. It is known 
that such aluminum-lithium alloys can offer high 
strength and stiffness, and still exhibit good corrosion- 
resistance properties. 
duced were as high as those obtained with prestrain- 
ing, they were nonetheless considered suitable for use in 
work, the optimum heat treatment included solution 
treatment after forming, followed by water quenching, 
and then isothermal aging to peak strength. 
For purposes Of reducing densities 25 the ofthe high specific stiffness alloy. In this 
However, the addition of lithium to aluminum alloys 30 it has been noted that standard 
is not without problems. For example, it has &en found 
that alloys of this kind have suffered from a reduction in 
treatment parameters in aluminum-lithium alloys can 
solute depletion resulting in higher in 
such properties as fracture toughness and ductility. For density for the 
aircraft parts, it is particularly important that lithium- strength. Historically, there has not been a measurable 
containing alloys exhibit sufficiently high fracture 35 amount of solute depletion due to the superplastic form- 
toughness and strength properties, as well as high duc- ing process. Thus al] depletion in the materials are due 
tility. to reactions during solution heat treatment. 
Historically, thermomechanical processing of alumi- No Other heat treatment Processes for 
num alloys has involved plastic stretching of about 3% lithium have Since been developed which 
after solution treatment and before aging to produce 40 have yielded maximum strengthening responses for the 
optimum properties in the product formed, Such pre- materials following Superplastic fOdg-Until the dis- 
straining has been shown to provide an increase in dislo- covery embodied by this invention. 
OBJECTS AND SUMMARY OF THE cation density which results in the matrix. This proce- 
INVENTION dure has also been used with aluminum-lithium alloys to provide for maximum strengthening response during 45 
artificial aging. It is therefore an object of the present invention to 
Aluminum-lithium materials provide for a ]OW den- provide novel methods for heat treating aluminum lith- 
sity high-strength system of alloys that can provide ium alloys after they are superplastically formed which 
significant weight savings for aircraft structures. n e  will overcome all the deficiencies of the methods cur- 
weight savings obtained with these alloys can be en- 50 rently known in the art while permitting attainment of 
hanced through the use of superplastic forming to mini- yield strengths of at least 50 h i .  
mize part manufacturing and life cycle cost, and weight. Another object of the present invention is to provide 
Many of the aluminum-lithium alloys exhibit substantial a novel method for heat treating superplastically 
superplasticity if properly processed, which permits formed 2090 and 8090 aluminum lithium alloys to 
dramatic improvements in the range of complex parts 55 achieve high yield strengths of at least 50 ksi in which 
and configurations that can be produced. As a result, the alloys are subjected to quenching via air or water 
SPF processing of aluminum-lithium alloys has been cooling directly upon removal from the f o d g  pro- 
pursued by many organizations around the world. cess. 
Peak strength is achieved in aluminum-lithium alloys These and other objects are accomplished by bathing 
through thermomechanical processing techniques. 60 the superplastically formed alloy parts in a rapid-cool- 
However, parts fabricated using the superplastic form- h g  medium immediately following superplastic form- 
ing process are not amenable to pre-stretching before ing of the parts. More particularly, the invention resides 
aging due to their complexity of design. Superplastic in heat treatment techniques which enable achieving 
forming inherently involves deformation of sheet metal strength levels of at least 50 ksi yield strength for super- 
at temperatures well in excess of those used for natural 65 plastically formed parts produced from the 2090 and 
aging of the alloy. Generally, solution treatment and 8090 aluminum-lithium alloys. The heat treatment tech- 
artificial aging is required after the SPF processing to niques embraced by the invention include both air cool- 
achieve maximum strength. However, in order to ing and water cooling of the treated parts following 
and loss in maximum 
5,236,525 
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superplastic forming, with air cooling being the quench- 
ing method of preference. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram shqwing the steps em- 
braced by the conventional methodology for heat-treat- 
ing superplastically formed aluminum and aluminum- 
lithium alloy materials to achieve maximum strength; 
FIG. 2 is a block diagram showing the steps em- 
braced by the process of the present invention for treat- 
ing aluminum-lithium alloy materials to optimize maxi- 
mum strength following superplastic forming; and 
FIGS. 3 and 4 are tables showing the correlation 
between various heat treatment parameters and the 
tensile responses of coupons tested for the 8090 and 
2090 aluminum-lithium alloy materials. 
DETAILED DESCRIPTION OF THE 
INVENTION 
Referring now to FIG. 1, the conventional process is 
seen to include a first step 11 of forming the alloy into a 
component using a superplastic forming (SPF) process, 
a second step 12 of removing the SPF-formed compo- 
nent from tooling used in the SPF equipment and allow- 
ing it to air cool, a third steD 13 of solution heat-treating 
5 
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the SPF-formed alloy component, a fourth step 14 of 
subjecting the SPF-formed component to a water 
quench, a fifth step 15 of checking and straightening the 
quenched component, and a sixth step 16 of artificially 
aging the component. 30 
FIG. 2 illustrates the method of the present invention, 
which only rFquires a first step 21 of forming the alloy 
into a component using a superplastic forming (SPF) 
process, a second step 22 of removing the SPF-formed 
Component from the tooling used in the SPF equipment, 35 
a third step 23 of quenching the SPF-formed compo- 
nent, and a fourth step 24 of artificially aging the SPF- 
formed component. 
In the method according to the present invention, 
superplastic forming followed by a quench eliminates 40 
the necessity for subsequent solution heat treatment 
prior to aging to obtain desired properties, while also 
eliminating re-working or bench straightening due to 
distortion in the quench after the solution heat treat- 
ment cycle. 45 
The 2090 and 8090 aluminum-lithium alloy materials 
used in the development of the inventive techniques for 
achieving optimum strengthening were production 
quality sheets obtained from such commercial sources 
as Alcoa and British Alcan. These sheets of material 50 
included the following chemistry (in weight percent): 
Alloy Li Cu Mg Zr Fe Si AI 
8090 2.8 1.3 0.7 0.12 0.05 0.02 Bal. 55 
2090 2.2 2.7 - 0.10 0.06 0.04 Bal. 
These aluminum-lithium alloy materials were espe- 
cially processed at the mills for superplastic forming, 
and then superplastically formed to obtain box-shaped, 60 
flat-bottomed test pans. The superplastic forming of the 
test pans was carried out at a temperature of 510" C. 
using a back pressure of 350 psi to prevent cavitation. 
These superplastically-formed materials were then 
cooled by various quenching techniques, such as by 65 
water quenching, static air cooling, or forced air cool- 
ing, to provide for an evaluation of the quench rate 
effects on the age hardened properties. 
4 
The present invention is concerned with heat treat- 
ment parameters of the 8090 and 2090 aluminum-lithium 
alloys after superplastic forming. It is to be noted that 
this invention is discussed in terms of (in comparison 
with) heat treatment parameters for sheets of alloy ma- 
terial received from the mill (i.e., "as-received mate- 
rial"). 
Since 510" C. was used as the superplastic forming 
temperature, the superplastically-processed parts were 
cooled directly from the forming operation. This proce- 
dure was considered to be of particular interest since it 
essentially eliminated an additional solution heat treat- 
ment. 
Following solution heat treatment, artificial aging 
was performed on both alloys after forming and 
quenching. The strengthening kinetics of the alloys 
during different heat treatments were monitored using 
Rockwell Superficial Hardness tests (3OT scale). The 
samples were exposed to artificial aging temperatures 
for a maximum of 100 hours. Hardness measurements 
were taken periodically and tensile testing was con- 
ducted for the best thermal treatments. All isothermal 
artificial aging treatments were conducted in air using 
the same Marshall cylindrical tube furnace with temper- 
ature control maintained to within + 1' C. 
FIG. 3 shows the results of selected tensile tests for 
the SPF-treated 8090 aluminum-lithium alloy, while 
FIG. 4 shows the results of selected tensile tests for the 
SPF-treated 2090 aluminum-lithium alloy. 
The microstructure after superplastic deformation is 
that of a fully-recrystallized Aluminum alloy, and is 
consistent with observations made for the Aluminum- 
lithium alloy containing Zr. The microstructural evolu- 
tion appeared to be that of continuous dynamic recrys- 
tallization in which the deformation causes the sub- 
grain boundaries to overcome the pinning effect of the 
A13Zr particles, and the growth of these sub-grains is 
accompanied by the development of high angle bound- 
aries resulting in a fully recrystallized material. While 
the starting material may have a high degree of warm or 
cold work, the high temperature deformation causes 
recovery and recrystallization. The strength of the 
formed (forming performed at 510" C.), quenched and 
aged 8090 and 2090 alloy systems (aging in the range of 
150" C. to 180" C.) resulted in high strength products 
with acceptable ductilities. The Form-Quenched-Artifi- 
cial Age process of the present invention provides for 
minimal solute depletion, maximum configuration toler- 
ances after forming while providing for excellent 
strengthening response in the materials. 
While certain representative embodiments and details 
have been shown for the purpose of illustrating the 
invention, it will be apparent to those skilled in this art 
that various changes and modifications may be made 
therein without departing from the spirit or scope of 
this invention. 
What I claim is: 
1. A method of optimizing the tensile strength of a 
structure formed from superplastically formed alumi- 
num-lithium alloy materials, comprising: 
quenching the structure immediately following the 
process of superplastic forming so that the conven- 
tional step of solution heat-treating said structure is 
eliminated, and without further working of said 
structure artificially aging said quenched structure 
at a temperature of about 180" for a period of time 
long enough to achieve a tensile strength of at least 
50 ksi. 
5 
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5. The method of claim 1, wherein said alloy is 2090 2. The method of claim 1, wherein said step of duminum-lithium material. 
quenching consists of water quenching. 6. The method of claim 5, wherein said period of time 
,, The method of claim 1, wherein said is 8090 is at least approximately 24 hours. 3. The method of claim 1, wherein said step of 
quenching consists of static air cooling. aluminum-lithium material. 
is at least approximately 24 hours. 
8. The method of claim 7, wherein said period of time 4. The method of claim 1, wherein said step of 
quenching consists of forced air cooling. * * * * *  
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